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EXECUTIV&UMMARY

InJune2017,AppliedEcologicaBerviceded a workingteam of professionalsgovernmentofficials,and
concernedstakeholdersn a discussiorof optionsto addressmpairedwater quality in DeadPikeLake
(DPL)with aninitial focuson the regulatory(NR103)exceedanc®f phosphorusecordedwithin DPL
waters.Theteam alsowishedto better understandsourcesand pathsof iron (Fe)and manganesgMn)
enteringthe lake,laketributariesandthe PowellMarsh StateWildlife Area(PMSWA)Usingdiscussions
to createsharedunderstandingsprincipleswere developedto guideboth ongoingdiscussionsiswell as
developa prioritizedlist of potential managementrecommendationsandsolutionsto addresswater
quality concernsn DPLand PMSWA.

Teammembersreviewedexistingdata from the DPLManagementPlan(BarrEngineerin@011)andthe
conditionallyapprovedPMSWAMaster Plan(WDNR2016) Theteam alsoconsideredaswell asexisting
landscapealata, bogecologyinformation, unpublishedwvater quality and ecotoxicologydatafrom
ongoingstudies.

Thegroupindentified seven(7) technicalchallenges(1) Excesgron and manganesen surfacewaters
andgroundwater,(2) Water balanceand hydraulicdynamicsin DeadPikeLake (3) Water quality
nutrification effectson PMSWAand expandedhreatsdownstream,includingDPL (4) Ecotoxicityissues,
(5) Lackof yearround andlongterm representativedata on hydrologyconditionsin PMSWAand DPL,
(6) Misunderstandindoghistory,dynamicsandalterations,and (7) Alteration of bogecology.

Theissueof excessron and manganesén DPLand PMSWAS complex.Sourcesand pathwaysinclude
the iron-rich underlyingglacialsubstrate dikesbuilt of that samesubstrate,and seasonafluctuationsin
water levels(andhence,hydrologicpressure}hat facilitatesan exchangeof surfaceand groundwater
with aresultantincreasedoad of iron andmanganesehat is exportedfrom PMSWAo DPLDuringthe
analysisof likely sourcesand pathways weaknesse existingstudies were identified and dataneeds
outlined. Thephysicaland chemicalpathwaysthat resultin the formation of iron/managanese
flocculant(floc) that createsa potential biologicalissueand an aestheticnuisancen DPLwere detailed
aspart of the searchfor managemenstrategies.

Solutionstrategiesfocusedon four issuesi{1) water quality of DPL(2) water supplyto DPL(3)
integratedsolutionsto identified problems,and (4) formulation of a new DPLManagementPlanthat
incorporatesnew dataand proposd solutions.Theteam identified 3 solutionstrategiesand associated
managementecommendationgor DPLand7 solutionstrategiesandrecommendationgsor PMSWA
Thetwo pairedsolutions/recommendationsvith the greatestpotential for meetingarticulatedwater
guality goalsare: (1) Restorehistoriclevelsof DPLbasedon accuratemodelingthat incorporates
historicaldataand (2) Introducelimestoneditch backfilland wetland biofilters into the ditch systemof
PMSWAo addresdoth excessron aswell as nitrification concernsAthird recommendationnvolves
creatinga surfacewater diversionwithin PMSWAo influenceseasonaflows. Thiswould require
additionalstudyon both its expenseand potential efficacy.

SummanReport:DeadPikeLake& PowellMarshPlanningConsiderations 1| Page



INTRODUCTION

OnJunel3-15,2017,membersof the DeadPikeLakeAssociationstaff from the WisconsirDepartment
of NaturalResource$§WDNR)and staff from AppliedEcologicabervicegAESnet to considerand
discusoptionsfor addressingmpairedwater quality in Dead PikeLake(DPL)Thefocuswasthe
regulatory(NR103)exceedanc®f phosphorusmeasuredwithin DeadPikeLakewaters.In addition,we
soughtto understandsourcesand pathsof iron (Fe)and manganes€Mn) enteringthe lake,lake
tributariesandthe Powell Marsh StateWildlife Area(PMSWA)Thelatter is managedy the WDNRo
meet an aestheticstandardfor watersreleasedrom PMSWACurrently there are no quantitative
numericstandardso regulatewater quality constituentsin surfaceor groundwaterresourcesn
Wisconsirunlessthey are alsousedfor humanconsumption

Meeting participantsfollowed a detailedagenda(Appendixl) that guidedthe sharingof dataand other
usefulinformation aboutkeyissuesUsingdiscussionso createsharedunderstandings,principleswere
developedto guideboth ongoingdiscussionsiswell asdeveloppotential management
recommendationsind solutionsto addresshe water quality concerng Appendix2). Theseprinciples
alsoprovideda soundingboardfor potential soluionsidentified duringthe meeting.

Solutionandstrategiesfor addressinghe water quality problemsin DPLandin PMSWAwere outlined
anddefinedwith expositorybullet points. Eacharticulatedstrategywasgivena preliminaryevaluation
basedon meeting discussiongbout potential estimatedcapitalcosts,estimatedoperationand
maintenancecosts,andstrategiesto meetregulatorychallengesand obtain approvalsprior to
implementation.Duringthe meeting,potential solutionswere prioritizedbasedon qualitative
understanding®f eachopportunity. Participantsalsoconsideredphasingor sequencingf individual
solutionsin waysthat representthe greatestpotential usefulnessn anadaptivemanagementstrategy.
Forexample,it madelittle senseto the groupto implementaniron managemenprogramin the waters
of DPLbeforea managemenplanwasimplementedto addressron originatingfrom PMSWAandits
tributariesto DPL Thus,sequencingf solutions,anddecouplingthe solutionstrategiesfrom one
another, were necessaryo ensurethat eachcouldbe consideredaspart of alargersolutionpackage
andsothat eachcouldbe phasedasneededin an adaptivemanagemenplan. Thisapproachwas
chosensothat we couldlearnfrom the benefitsfrom eachimplemented solutionandrefine each
potential nextsolutionif additionalactionswere deemednecessaryo further improvethe water quality
in PMSWAandDPL.

SUMMARYOFMEETIN®UTCOMES

TheJunemeeting,andits severaimonthsof preparation,were focusedon ensuringthat data sharing
wasreasonablycomplete,andthat eachl (i i S yr&®vadpreliminaryanalyticalinquiry aboutthe
datawere focusedon addressinghe important goalsarticulatedin the DPLManagementPlan(Barr
2011)aswell asthe PMSWAMaster Plan(WDNR2016)that had conditionalapprovalby the Wisconsin
NaturalResourcéBoard.Operationally the meetingopenedwith afocuson listeningand confirming
mutual understanding®f attendeesand presenters Thiswasfollowed by a concisesummariation of

SummanReport:DeadPikeLake& PowellMarshPlanningConsiderations 2| Page



what wassharedandlearned.Participantghen translatedtheir understandingsnto operating
principles,goals performancemetrics(standardspswell aspotential strategiesand solutions.

Goalswere discussedndreaffirmedby eachattendeesothat it wasclearthat acommon
understandingof the intent of the goalswasheld by all participants.Thisconversationvasusedto
developprinciples(Appendix2). Thegoalswere alsousedto createdraft solutionsandperformance
metricsand standarddfor the teamto usein later whentestingeachsolution. Preliminaryproposed
standardsincludedaesthetic(qualitative)standardsand alsonumeric(quantitative)standards It was
the intent of the participantsthat somefinal versionof thesestandardswvould be incorporatedin a new
or amendedDPLManagementPlanand PMSWAViaster Plan.Thedraft goalsand performance
standardsare summarizedn Appendix3.

TECHNICACHALLENGES

In this section,we summarizeexistingdataon the landscapewater quality data from the DPL/IPMSWA
complexaswell ascommonscientificunderstandingsboutthe issuesof iron and manganesén surface
andgroundwateron alandscapesuchasthis. Thisinformationis presentedwithin the followingtopical
technicalchallengecategories.

Challengel: Excess$ron and manganesean surfacewaters and groundwater

Iron occursasan adsorbedcationon both dissolvedand particulateorganiccarbon.Onthis
DPL/PMSWAandscapeasiron is oxidizeduponemergenceon ditch sideslopes ditch bottoms and
the subgradeof the dikes,leveesandroads,it transformsto a suspendedlocculant(floc),which
settlesasanorangeto reddishsolidin PMSWAditches, tributariesand DPL.

Thisoccursthroughthe following pathways Interactions betweenthe chemicalalencestate of the
iron and water managemenpracticesin PMSW/Aaffectthe aestheticappearanceof the water in
both PMSWAand DPLBeginningwith the ionicform of the element,iron changeformsasit passes
from the glacialtill substratesbeneathPMSWAandentersthe deeplydugditch systemsntersecting
thesesameglacialtill substratesTransformednto aflocculant,it isthen exportedviathe surface
water flows passinghroughiron-rich subgradesubstratesof the dike/leveeroad systemin PMSWA.
Inspectionof this gravelsubgradeby AESeam membersconfirmedcompositionwith a substantial
componentof taconte ore (alow-gradeiron ore). Thisactsasanotherlikely sourceof iron and
manganesén the watersof PMSWAand DPL Thus water movingthroughthe subgradeof the road
combinedwith groundwaterenteringsideslopesandditch bottom substratedrom underlying
glacialtill, havebeendocumented(andobservedduringthis study)asthe mainsourcesof ironin

the DPL/IPMSWAystem.This water likely alsotransportsmanganesendother heavymetals
associatedvith the iron but not currentlythe focusof quantitative studiesin PMSWAand DPL.

In activelyrunningwater, suchasoccursin ditchesduringhighwater periods,iron remainsasan
adsorbedcationon dissolvedand/or particulateorganiccarbon.In this form, it is sweptfrom the
wetlandand removedfrom glacialtill-derivedgroundwatersourcesandthe gravelsusedto
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constructthe roadsthat border primary ditchesin PMSWAIt then exitsthroughdrop structuresand
beginsan oxygenatiorprocesslt isfurther aeratedduringits movementthroughculvertsunder
PowellRoadthe inlet streamof DPL andeventuallyby waveactionon DPLwaters. Thisaeration
movementactsto further oxidizeadsorbediron, causingt to precipitateasfloc.

Thisprecipitationis particularlynoticeableon the downwindsideof DPL suggestinghat thereisa
relationshipto groundwaterdischarge®ccurringalongthe north shorelinesof the lake. Thisprocess
maybe further acceleratedoy waveaction,apparenton the north sideof the lake,andmaybe
partially responsiblein combinationwith re-suspensiorandredistributionof the iron floc materials
by wind andwaves for the heavyiron floc levelsthat are seasonallyresenton DPLalongthe
shoreline.Bycontrast,in calmareasnearthe inlet streamto DPLJake currentsandwindsmovefloc
materialsinto deeperzonesof the lake,where,oncecollected,they are often not re-suspended.

It isasignificantchallengeto managesourcesofironfromt a { 2 ro@ds,roadsubgradesandthe
intersectedglacialtill substratesbelowthe peatsubstrateswithin the marsh.Managementfironin
allits forms (dissolvedrganiccarbon,cationsboundto both dissolvedand particulateorganic
carbon,andprecipitatedflocculantor floc) is neededto reducethe overallquantity of iron entering
DPL Somepinpointingof sourceshasbheenaccomplishedhroughiron samplingfrom the ditch
systemof PMSWAInitial resultssuggesthat the greatestquantitiesof iron are comingfrom the
primaryditches(Figurel).

SpecificallyfFigurel depictsmeasuredevelsof total iron in all forms expressedasmilligrams/liter
(mg/l). Waterassessedrom a mainun-namedditch of PMSWAdownstreamof PowellRoadhad
measuredevelsof iron greaterthan or equalto 3 parts per million (ppm). Thisditch, and someof its
keytributaries, coincidewith the mainroadsbuilt on dikesthat appearto be composedmainlyof
taconitegravelsand cobbles Bycontrast,secondaryshallowerditches(e.g.,DeerfootMarsh Creek)
originatingfrom wetlandsthat haveremainedrelativelyundisturbed exhibitiron levelsof
approximatelyl ppm.
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Figurel. Averageiron concentrations(mg/l) from surfacewater samplingfrom variouslocationsin
DPLand PMSWA (Data are from grab samplescollected by WDNRin 2017.)
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Challenge2: Water balanceand hydraulicdynamicsin DeadPikeLake

Anothertechnicalchallengefor the managemenof PMSWAand DPLis maintaining a water supply
in the marshadequateto achievethe habitat goals(WDNR2016)aswell asthe hydraulic
performanceof DPL(i.e.,lakewater levelsand dynamics) The2016 WDNRstudywascommissioned
to determinethe amountof water existingwithin the total systemand recommenda minimalflow
levelto achievethe outcomerequiredby statute whenevera navigablestream,asdefinedin
wetlandlaw, is blocked.

Theprimary WDNRstudy questionwas:a | 2n#uchwater canwe afford to releaseandstill not
jeopardizefunctioningofthe ¥ f 2 ¢ I Chfiatégéty wasconsideredwith respectto whethera
rain surgewould collapsethe maindike andwashout PowellRoad.Thestudyconcludedthat arain
surgewould not washout the dantt that the westwardflow immediatdy abovethe culvertwould
absorbanysurge.Areleaserate of water from PMSWAwvaschosenat 1.2 cubicfeet per second(cfs)
to downstreamwater bodies,includingDPL Thisrequiredwater managemenprotocol positions
the PMSWAQO supplybaseflomwater needsof downstreamwater bodies.

Evenwith the targetedexistingreleaseof 1.2 cfs, lakewater levelsin DPLappearto be substantially
(perhapsl8-24 inchesor more) belowthe apparenthistoricaverageevelsasdeterminedby ice
scarring highwater marks,andthe growth of long-livedtree speciesandflood intolerant perennial
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vegetationon the shoreline.Thisdecreasdn water levelsappeargo be relativelyrecentwithin the
pastfew decades(Littleand Mason1983) Evidenceof a veryrecentdeclineislevelsis suggestedy
data(collectedsince1936)from AnvilLakein VilasCountythat showa noticeabledrop in lakelevels
beginningaround2000(AnvilLakeAssociatior2017) TheWDNRs slatedto confirmthis water level
decreaseof DPLviaGPSurvey. Thisconfirmationis anticipatedto leadto formulation of suggested
practicesto managethe outlet control structureto modulatethe releaseratesasneededto
maintainacceptablenater levelsin DPLHavingaccuratewater levelmeasurementsill be an
important technicalcomponentin anyrevisionsof the managemenplanfor DPLandthe resolution
of water releaseratesfor PMSWA.

Duringthe studywe learnedthat PMSWAnanagerdypicallyremovebeaverdamsin the DPLoutlet
streamto reducethe lakeelevation of the lakeandthus maintaina headanddrop betweenPMSWA
andthe lake asperthe directivein the PMSWAMasterPlan(WDNR2016).Thispositivegradient
betweenthe outlet and surfacewater offers a direct meansof control of water releasedirom
PMSWAFurtherstudyis neededto determinethe significanceof the headdifferenceandincreased
pressureeffectsbetweenDPLand PMSWAduring springrunoff andthe influencethis hason driving
surfacewater into underlyingiron-rich glacialtill substraes.

It is stronglysuspecteds that duringspringhighwater levelsthe naturallyenhancecheadresulting
from the water leveldifferential betweenmarshandlakedrivesacidicwater into the underlying
glacialtill substratesOncethere, thesewatersdissolveiron, manganeseandother chemical
constituents. Assurfacewater levelsin the marshandlakedrop in late summerandfall, the
groundwaterrechargeheadis reduced.Subsequentlythe rechargedgroundwater(now with an
expandedoad of dissolvedchemicalconstituents)movesfrom the shallowgroundwaterbackinto
the ditch systemandfrom there is flushedfrom the ditch into DPL Thisaccordionlike movement
into andout of the groundwateroccursannually.

Furtherstudyis neededto quantify the significanceof the headdifferencesandincreasedpressure
effectsbetweenDPLand PMSWAduring springrunoff andthe resultinginfluenceon drivingsurface
water into underlyingiron-rich glaciattill substratesWith suchinformation, surfacewater
elevaionsof DPLandflowagescouldbe more accuratelymanipulatedto facilitate droppingthe
hydrologicpressureresultingfrom elevationaldifferentials.A constantpushtoward groundwater
rechargefor example s estimatedto occurwith a differential of about eight (8) feet betweenthe
VistaFlowageandthe mainditch. ThescheduledGP S$urveysby the WDNRwill be usedto examine
the accuracyof this prediction. Without manipulationof water levels,what is the effect of such
continuousincreasecheadpressire on groundwaterentry into the ditchesin PMSWAand eventual
releaseinto DPL?

Historically beaverdamshistoricallywere commonplacedownstreamin the DPLoutlet stream.A
analyticalreviewof 2015aerialphotographsandtopographicmaps(Appendidb, Figures-1to 5-6)
andLiDARsuggestshat in the outlet streambefore the first road crossingfrom outlet to the invert
levelof the road culvert)there isa current estimatedgradientdrop of about2.5to 3 feet. Theaerial
photographsalsoallow review of numerousremnantbeaverdamsthat havebeenbreachedn the
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past.Questionsabouttheir historiccontrol on DPLwater levels,andhow to reconcilefuture and
historicwater levels,arelikelyimportant to planningefforts.

Challenge3: Water quality nutrification effectson PMSWAand expandedthreats downstream,
includingDPL

Water quality data providedby WDNRdocumentedelevatedlevelsof nitrogenand phosphorusn
someditchesof PMSWAThehighestand elevatedlevelsare found in the deepestexcawated ditches
(includingthe mainditch), severalsecondanditches,andthe Little Trout Lakeditch. Within both
PMSW Aand DPL this nutrification presentsa significantthreat to the perpetuationof their high
quality nativevegetationsystemsandwildlife habitat. In general nitrification representsathreat to
a healthybiodiversity.Thisis currentlymanifesed in PMSWAmostclearl by colonizationby the
non-nativereed canarygrass(Phalarisarundinaceqandgiantreed grasgPhragmitescommuni$.
Thisoccursprimarily alongditch marginsadjacentto the degradedwater sourcebut it is currently
expandingoutward. Forexample alongthe Little Trout Lakeditch, reed canarygrassis now
colonizingan areaof historichighlyacidicbogvegetationby rooting shallowlyin the acidic
sphagnumand sedgepeat substrates spreadingapidly by parallelingthe ditch, and movinglaterally
away from the ditch into other areasof PMSWAIn addition, this invasivespecieshasmoved
throughthe outlet structureandnow is borderingthe inlet streamand colonizingalongmarginsof
the streamcourseenteringDPL.

In summary highnutrient loadsappear to foster significantdeleteriouseffectsonrare plantand
animalcommunitiesand habitatsin PMSWAand DPL Most of the areapossessekigh quality native
vegetationcommunities,identified by WDNRplant studiesand other investigationsof the area.
Invasivenon-native plantsrepresenta seriousvery costlyriskto the future healthand stability of
shorelinesandvegetationsystemsn both PMSWAand DPL.

Challenged: Ecotoxicityissues

Manganesénasbeendocumentedto haveecotoxicologicakffectson reproduction,growth and
health of speciesand populationsof aquaticmacroinvertebratege.g.,insects crustaceansand
other arthropods;mollusksworms,etc.) and certainfish speciegHoweet al., 2004;Pinsinoet al.
2012 andothers) Youngof the yearfishesare particularlyvulnerable Manganesaiptakein aquatic
invertebratessignificantlyincreaseswith temperatureincreaseand salinityandwith pH decrease
(Badenret al., 1995).Documentecdeffectsof excessivananganeseon plantsincludereductionsin
growth rates,biomassand photosyntheticabilities(Millaleo et al. 2010).This,in turn, translateson
the groundto areductionin native sedge wet prairieandbogcommunities the prevailingplant
communitiespresent in PMSWA andchangesn speciexompositionsof the shorelineand
adjoiningwetlandsof DPLIron alsohasbeendocumentedto affectthesesameorganismgroups
(Vuoril995).

We havereviewedresultsof the June2017ambientwhole effluent toxicity (WET ecotoxicological
testingof inflow andlakewatersin DPLby the WDNRKariFleming Environmentall oxicologist,
WDNRBureauof Water Quality,pers.comm.) Thesefindingsdocumentd minor water-column
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ecotoxicityin one of the sampleswith other testsdocumentingno toxicity to the test organisms.
Additionaltesting of the ecotoxicityof the sedimentsand flocculantmaterialsis beingconducted
with final resultspending.Likewater columnWETtesting,uponreview, we found the assessrant of
sedimentsandflocculantmaterials(BarrEngineerin@011)to undemrepresentpotential
ecotoxicologicakensitivity

We advocatefor areductionin the levelsof manganesdecauseof its knownanddocumented
ecotoxicityfrom other studies Aspreviouslymentioned,no numericstandardsexistin Wisconsin
for releasedsurfaceor groundwaternot usedfor humanconsumptionIn spite of this, giventhe
highquality naturalhabitatandthe correspondingpreparationof amanagemenplanfor DPLwe
suggesthat numericstandarddfor surfaceand groundwaterbe setbasedon the known
ecotoxicologympactsof thesechemicalconstituentson theseaquaticorganismgroups Specific
effectsof increasedoadsof manganesendiron on rare plant andanimalcommuniiesmight be
determinedby additionalecotoxicologicalestingof PMSWAand DPLecologicacommunities.

Challengeb: Lackof yearround andlong-term representativedata on hydrologyconditionsin PMSWA
and DPL

Twostudiesof the hydrologyand surfaceand groundwaterlevelsof DPLwere conductedby U.S.
Geologicaburvey(USGS[Krohelskiet al. 2001), and by Barr(BarrEngineerin@011).Thesereports
presentverydifferent conclusionsabout groundand surfacewater percentageghat contribute to
the water budgetof DPLOurreviewof theseanalysesuggestdhat both studieshaveoptedto not
considerhistoricconditionsasa basisfor comparisorto the existinghydrologicand water budget.In
addition, both studieshaveuseda seriesof assumptiongo create modelsand calculationghat
appearto haveerrorsrelativeto the conditionscurrently presentat PMSWAand DPL Theidentified
problemsin the modelingare asfollows:

1. Modelingandcalibrationof the Barrwater budgetis not congruentwith dataon
documentedlakestagemeasurements

2. Modelingof the water budgetby USG$isedannualaverageof lakestages Thesedataare
alsoinadequatefor the tasksincethey do not correlate with currentlakestage
measurement®r with measurednflow and outfall water quantitiesby season.

3. Neitherstudyadequatelyconsideredhe history of the ecologicakystemsresentin
PMSWAand DPLto form conclusionsabout presentconditionsandthe dynamicghat have
contributedto theseconditions.

In short, in both studies,the lackof historicalanalysisseemsto be a critical deficiency Forthis
reason,duringthe meeting, AESresenteda reviewof the history of bogformation, and appliedthis
to the PMSWAand DPLasfollows:

1. USG$nodelshavefailedto consder that the groundwaterflows are not steadystate.
Rather theyvaryduringthe yearaccordingo the relationshipsbetweenlake stageand
groundwaterinflows.
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2. Barrstudieshavefailedto createawater budgetthat correlateswith measuredakewater
levels In addition,the modelingusedinflow dataandoutflow datafrom different years
whichaddsunnecessaryariabilityand makesit difficult to calculatean accuratebalancing
of the water budget.

Challenges: Misunderstandingbog history, dynamicsand alterations

We proposeto usehistoricand currentbogecologyconditionsand principlesof bog formationto
structurean alternative paradigmthat informsmanagemenof PMSW/Aandits relationshipwith
DPLOnthe largerlandscapeVilasCountyis one of the globallyrecognizedocationswhererapid
glacialrecessioroccurral. Today manywetlandsandlakesare found in depression®nceoccupied
by hugechunksof glacialice. PMSWAgpncea verylargeundisturbedbogcomplex,is one sucharea.
Initially filled with ice blocks and water, asglaciersretreatedthe areaice wasreplacedby a lake
whosebottom substratewascontinuallyfilled with depositsof fine sedimentsand glacialtill. Over
time, erosionfrom adjacentuplands,not yet sufficientlystahlized by vegetation,continuedto fill
the lakeandwetland. Depositsof finesincludedashfrom wildfiresand organicplant materialwhich
beganto sealthe bottom of the lakeecosystemAsthe processcontinued,the lakesystem
developedvegetation,growing from the marginsinward. In afeedbackoop, the continuously
accumulatingsedimentgeneratednew opportunitiesfor establishment&and growth of vegetation
includingsubmergedooted aquaticsand emergentspecies Theseall fosteredthe transitionfrom
openwater to vegetatedwetlands.Eventuallythe entire lake systemwascoveredby vegetation.In
the caseof PMSWApeatdepositsthat reach20to 30feet deep,or deeper,reflect this long
ecologicahistory.

Givenappropriateconditionsof temperatureand moisture,the sequentialpeatlayersoverlyingthe
glacialtill substratebegan supportingdevelopmentof Sphagnummoss.Sphagnuntomprisesavery
uniquesuite of congenerispeciedecauseunlikeother greenplants, Sphagnuniberateshydrogen
ions(rather than hydroxylanions)asa productof photosynthesisThiscontributesto increasing
concentrationsof hydrogenionsanda concomitantioweringof the pH (increasedacidity)of the
water. AspHdecreasedbelowa neutralvalueof 7, the incipientbogis consideredo be acidicin
nature.(Themeasureof pHis alogarithmicfunction. Thus,a decreasdn valuefrom a neutral pH of

7 to apHof 6 representsatenfold increasein acidityalongwith atenfold increasein hydrogenions.
Likewisea shift from pH7to pH5representsa one hundredfold increasein hydrogenionsand
acidity.)

Glacierdransportediron-rich rocksand sedimentmaterialssouth and southwestfrom the Mesabi
iron rangein northern Minnesotaanda A O K AUppeyPenéinsuldron rangeanddepositedthem in
the areanow occupiedby PMSWAand DPLin VilasCounty WisconsinThissubstratematerialand
tributary watersare lackingin significantquantitiesof calcium magnesiumand/or carbonateshat
typicallyactto buffer trendstoward acidification.Forexample,in areaswith abundantlimestonein
the substrate, Sphagnummossliberateshydrogenions, but the pHdoesnot drop significantly
becausehe availablecarbonateor carboxylanionscontinuallyneutralizethe hydrogenions.(Rain
water, typicallynutrient-depleted,is usuallyconsideredo be neutral pHbut nowadays becauseof

SummanReport:DeadPikeLake& PowellMarshPlanningConsiderations 9| Page



ongoingreleaseof industrialair pollutants, it is often acidic.)Thus,in a settingsuchasPMSWA,
acidicconditionsconducivefor Sphagnummossgrowth are commonplaceAsa consequencef all
theseinteractingfactors,largeareasof PMSWAare dominatedby Sphagnurrgeneratedpeat.

Challenger: Alteration of bog ecology

Bogecology(e.g.,plantand animalcommunities natural processesjs alteredwhentributariesare
nutrified with nitrogenand phosphoruslt is alteredwhen erosion,especiallywith nutrient rich soils
suchasfrom agriculture entersthe bogsystem.It isalsoaltered by ditchingor attemptsto dewater
andfill shallowerareasandconvertthem for agriculturalor forestry production.

Excavatedlitchesin bogsare typified by highlyvariablewater chemistry,dependantin part on their
depth. Whensurfaceditchesare duginto the surfacedome of Sphagnummossdevelopedon top of
the peatbog,the resultingditch waters are highlyacidic.If the ditch systemgoesdeeper,into the
underlyingsedgepeatsandalgalpeats,the emergingwatersare typicallymoderatdy to highly
acidic,haveverylow nutrient levels,andare depletedin calciumor magnesiuncarbonates
(i.e.£soft waterg). Whenaditch isdugdowninto glacialtill, acidicwater from the Sphagnunenters
the iron-rich, carbonatepoor glacialtill layersandliberatesiron, manganesendother metalsinto
the water column Aspreviouslymentionedin this report, during springsnowmelt a hydraulichead
resultingfrom highwater levelsdrivesacidicwater into the glacialtill. Asditch waterisreleased
congruentwith loweredditch water levels water re-emergesnto the ditch from the till carrying
with it anenhancedoad of dissolvedron, manganeseand other metals.

Uponcontactwith oxygenandaidedby & A NB YO i @ndldidingthe locallyidentified Leptothrix
spp., and Ferrdacillusspp.) iron and other metalsbeginto precipitateasflocculant.These
materialsthen flushinto the ditchesand eventuallyreachdownstreamreceivingwaterssuchasDPL.
Thiscycleof ditching,the seasonainflux of acidicwatersinto the till substrate andre-emergenceof
iron-rich water into the ditchescontinuesat PMSWAand contributesto the ongoingwater quality
impairmentof PMSWAand DPL.

In addition, in the past,the WDNRguarriedlocaliron-bearingglaciattill gravelsand cobblesfrom
moraineridgeswithin the marshandusedthem to makedikesandleveesandsurfaceroads.This
increasedhe amountof iron-rich substratecontinuouslyexposedo acidicsurfacewater from the
ditchesandthusincreasedbotential releaseof additionaliron andother cationsinto ditch water.
Duringlow flow periods,the releaseof iron from road subgradesandunderlyingglaciattills is
revealedby stainingof sideslopesandditch bottoms. Wheniron emergesduringlow water periods
it isin ananaerobicstate, typicallyadsorbedo dissolvedorganiccarbonor particulatecarbon.lt is
not conspicuousintil it oxidizesasit doesin waveactionandwarmtemperatures Whenit oxidizes,
the resultingorangeto red iron flocculantis highlyvisibleand becomesan aeghetic nuisance,
particularlyon DPLbeachesandshorelines Duringhigherflow conditions,iron typicallyremainsin
solutionandis quicklymovedthroughthe PMSW/Aoutlet structureinto DPLIn this case,it only
becomesconspicuousf residencetime in DPLallowsfor oxidationand precipitationof the highly
visibleflocculant.
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Increasinghe flow of water throughthe ditchesto reducethe developmentof iron flocculants
within PMSWAdoeslittle to ensurethe flocculationR 2 S &ybsguentlyoccurin DAL, In fact, an
increasedlow throughthe ditchesmayresultin highernet accumulationf iron in DPLand
resultanthigherratesof flocculation.Thecalculationof minimuminflowswill be particularlycrucial
to determiningwhetherthe sourceof flocculantis primarilyfrom PMSWA.

SOLUTION&"d STRATEGIE®RADDRESSINGONCERNS

TheAESechnicalteam, the WNDRand DPLAssociatiormembersexaminedthe PMSWAand DPL
managemenplansbeforethe meetingandduringthe project. Theteamalsoreviewedthe
recommendedalternativesconsideredn the PMSWAmasterplan (WDNR2016) Discussionsegarding
previousalternativesA and B and a subsequenfinal recommendedalternativein the PMSWAnaster
planwere discussedluringthe meeting.Bulletpointswere created to summarizesachalternative.In
Figures 6-6 through 6-15 (Appendix6) alternativessolutionstrategiesconsideredor DPLandPMSWA
havebeengraphicallyillustratedand summarized.

Participantsalsodiscussedhe challengesesultingfrom detailsof DPLnot beingconsideredn depth
duringthe PMSWAnmasterplanningprocessTheprinciplesdevelopedduringthe meetingwere relevant
to both PMSWAand DPL(Appendix2, 4, and 6). Thiswasconfirmedby stakeholdersattendingthe
meetingin their rolesrepresentingconcernsabout DPLand PMSWAaswell aslargertownship.

In responseo reviewsof the DPLManagementPlan,PMSWAVaster Plan,information from site visits
andother data, the potential alternativeor addtive solutionswere discussediuringPMSWAand DPL
site visitsand by attendeesat the meeting(Appendix4,6). Preliminarydiscussionsvith the PMSWA
wildlife managerandlake managemenspecialistsrom the WDNRalsooccurredduringthe meeting.
Potentid solutionswere developedandgivena preliminaryevaluationof capitalcosts,
operation/maintenancecosts,andregulatoryrequirementsassociatedvith eachof the strategies.This
evaluationassigned high,mediumandlow scoreto eachsolutionin terms of costs.

Subsequento the meeting,the potential solutionswere graphicallydeveloped andeachwastested
with scenariomodelingusingSTELL#oftware (ISEEBystems)STELLSoftwarecompriseanodelingand
simuldion platformsthat providegreatflexibility in evaluatinghydrologyandwater quality integrated
with humanmanagementecisionsproposas andimpacts.It allowsthe researcheito combinethe
costsof eachsolutionfirst consideredsingly,in isolation,and subsequenthasphasedor sequenced
additivesolutions.

Inthis project, the STELLAvaluationprocesssequentiallyinsertedeachof the alternativesand sub-
alternativesinto a basemodelframedby usinginput datafrom the USGS3eport, Barrmodels
calibrationdatafrom WDNRandresidentdaily stagemeasurement®n DPL.

After the individualsolutionswere testedin isolation,evaluationmovedto logicalsequencingand
combiningof solutions.Aninitial solutionevaluatedthe preferredalternativefrom the PMSWAMaster
Plan(WDNR2016).Theprocedurethen sequencedadditionalsolutionsto the preferredalternativeand
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addedsolutionsto alternativeapproachesieededto addresamanagementhallengeof DPL.achieve
the performancecriteriaand meetthe principlesset by the workinggroupduringthe meeting and
achievedesiredoutcomes.

SUMMARYof APPROACENd FINDINGS

Throughan analyticalprocessusingSTELLAodelingand an evaluationmatrix that ranks(high,
medium,low) relative effort of monetary costs,regulatoryrequirementstechnicaldesignchallenges
and constructability(buildability)requirements the team evaluatedand rankedpotential solution
strategies.Thisreport refinesthe scoringfor eachsolution.We havefurther elaboratedon the likely
costsandregulatoryproceduresandtime requirementsneededto implementany of the solution
strategieslf anysolutionstrategieswere deemednot to be viable,a justificationwasenteredinto the
matrix (Tablel).

Solutionstrategiesfocusedon four issues:

1. Water quality in the lake.
Solutionsaddressedexcessivéron, manganesephosphorusn DeadPikeLakeaswell assources
of thesematerials.

2. Water supplyto the lake.
Solutionssoughta clearerunderstandingof releaseratesfrom PMSWAand DPLwith respectto
water leveldynamics.

3. Integratedsolutions.
Solutionsassessethe possibilityof integratingsolutionsfor DPLandPMSWA.

4. Creationof anew DeadPikeLakeManagementPlan.
Finally solutionsfocusedon integratingstrategiesfor issuesl-3, above.

Thesolutionstrategymatrix constructedby the workingteam (June2017)included3 strategiesfor DPL,
and? strategiesfor PMSWAAppendix4, TablesA-A and4-B). Two of thesesolutions,includingone for
DPLandone for PMSWAseemto havethe greatestpotential for accomplishinggrogramgoals.Athird
proposedsolutionrequiresfurther study.We describethesethree solutionsin more depthimmediately
below. In addition, we havecapturedin this report someof the other thoughtsand communications
sharedduringthe discussiondetweenteam members(Appendix7).

Solution1: Restoringhistoric levelsof DPL

Estimatedtotal cost:$200,000.0G0 $300,000.00

Restorindakelevelsto an estimatedelevationof approximatelyl 596.5ft. msl(still water level)or
greatercouldeliminatethe influx of iron rich groundwaterinto the lake,althougha better

understandingof the effect of springfirst flushdischargeon iron, phosphorusandmanganesdevelsis
neededto fine-tune the predictionandresultingprescription.
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Thisstrategyof activelyrestoringthe normalwater levelof the lakebackto historiclevelshasbeen
projectedto reduceor eliminatethe excessivéron, manganeseand phosphorusnfluxinto DPLfrom
surroundinggroundwatersourcesWhenthe normallakewater elevationisincreasedapproximatelyl8
inches(1595ft. to 1596.5ft.) the hydrologicaheadcreatedon the groundwaterreducesor eliminates
the entire seasonainflux of iron and other constituentsinto the lakefrom groundwater.At this time, it
appearghis canbe accomplishedhrougha restrictionon the outflow that better matchesinflows,
coupledwith a slightraisingof the elevationof the lakebank. Thiswork would entailabout 1000to 1500
feet of fill to raisethe north sideof the lakebankto preventoverflow combinedwith modificationsto
the outlet.

Solution2: Introducingditch backfilland wetland biofilters in PMSWA
Estimatedtotal cog: $300,000.0Go $700,000.00.

Introducingwetlandbiofiltersinto backfilledditch systemsof PMSWAwould disconnecthe surfaceto-
groundwaterinteractioncreatedby the originalexcavatiorof deepditches.It alsowould assistin the
cleantup of excessieiron, manganesand phosphorugprior to dischargeof surfacewaterto DPLThe
first step of this solutionis backfillingapproximatelythe lower two-thirds of eachditch with limestone
screeningsor limestonerock, toppedwith afilter fabricfollowed by installationof soilthat is
subsequentlyplantedwith wetlandvegetation.Thisbackfillingapproachis intendedto sealthe bottom
of the ditchesandthus disconnecthe pathwaysacidicsurfacewatersfollow to enter the groundwater
wherethey flushout iron, manganesend phosphorus Theseundesirablechemicalconstituentsare
subsequentlyeleasedviasurfacewaterto DPL.

Becausehe ditch will not be completelybackfilled,stoppingflow, flowing surfacewater will still carry
water from PMSWAo DR, transportingunwantedchemicalconstituents.Theplantedwetland
vegetationandlow-flow, meandering shallowchannelswill be designedwith alongflow pathlength
andlengthenedresidencdime sothat anyremainingiron, manganeseand phosphoruswill be
biofiltered by the wetland beforethe water is dischargednto DPL Consideratiorwill alsobe givento
the needfor afinal polishingwetlandbiofilter at the end of the ditch systemto accomplistfurther
reductionin thesechemicalconstituents.Asan alternativeto Solution2, we suggesthat a treatment
wetlandof about25to 40 acresinvolvingabout 2 feet of excavationaddedsoilamendmentsand
possibleconstructionof an outlet control structurebe considered Thismight cost$300,000.00ather
than $700,000.00.

Solution3: Creatinga surfacewater diversion
Estimatedtotal cost:$60,000.00

Solution3 will needfurther explorationbefore proposingit asa primarysolution. Theproposedideais
to createa surfacewater diversionfrom SteppingStane Reservoito t S (| Ge@Rusinggravity-fed
piping. Thiswill reducethe pool over PowellMarsh,reducethe groundwaterheadnear SteppingStone
Pool,andresultin the releaseof cleansurfacewatersto DPLwithout interactionwith iron-rich
groundwate.
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At this time, we recommendthat the workinggroup proceedwith further analyticaltesting of these
three solutionstrategiesin both PMSWAand DPL jncludingconsiderationof cods and constructability.
Overthe courseof the nextsixmonths this analysisand processof engagementnd collaboration
betweenthe PMSWAwildlife managerthe lakemanagemengroupat the WDNR stakeholdersof Dead
PikeLakeAssociationgtaff of AESandother participantsshouldcontinueto collectadditional
information and refinethe STELLAodelingof the water quality benefitsto the DPLand PMSWA.

RECOMMENDATIONS

Inthis section,we presentthe outlined scopeproposedfor amanagemenplanaimedat restoring
historicwater levelsin DPL Subsequento the June2017meeting, evaluationsof the draft solution
strategieswere updatedto reflect the primaryfindingsresultingfrom testingsolutionswith the STELLA
model(Tablel). Aseriesof technicalquestionsand dataneedswere identified throughthe modeling
process.

At this time, we recommendthat WDNRDeadPikelLakeAssociatiorand/or ManitowishWaters
Townshipsecurefundingto fund studiesthat addresshe identified technicalquestionsand dataneeds.
Addressinghesedataneedswill createa foundationalunderstardingneededto formulate details
neededfor afinal designprocesyplans,budgets, regulatorypermits)for eachsolutionandfacilitate the
refinementof managemenplans Thefollowingrecommendationg&ind associatedscopesare
recommendedo addresshe questionsanddataneedsnecessaryo implementTasksl, 2,and3. The
total estimatedbudgetfor conductingTasksl -3 is ~$26,000.00

Taskl. Restoringhistoric levelsof DPL.

Restoringdevelsof DPLto an estimatedelevationof about 1,596ft. mslor greater couldeliminatethe
influx of iron rich groundwaterinto the lake.We alsoneedto understandeffectsof the springfirst flush
on water dischargeandiron, phosphorusand manganeséevels.In order to createthe planfor
restorationof the historicDPLwater levels,the following scope are proposedunderthis task.

TasklA. Refinedelevation surveysof historic shorelineandiceridge.

Anexistingice-thrust ridgeis presentaroundthe perimeterof the lakeandmature treesare
growingin associaibn with its uppermargins Duringwinter and spring2018, historiclakewater
levelswill be surveyedwith TKSsurveyinstrumentationto establishthe historicfootprint of DPL.

Task1B.Model calibrationwith historic surveyedshoreline.

STELLAodelingwill be refinedviacalibrationusingthe new lakeshorelinesurvey.

Taskl1C.Developmentof lake level dynamicstatisticsfor existingand historic normal lake
water levels.
A 30-yearcontinuousprecipitationrecordwill be usedto refine the normalwater level (average

annual)estimate.First,the STELLAalibratedwater budgetwill be appliedto existingwater
levelsmeasuredn 2017.Secondlythe 30-yearcontinuousprecipitationrecordwill be applied
usingthe surveyedhistoricnormallakewater levelsasthe base.
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TasklD. Testingnew normal water level and lake level dynamic.

STELLWiIll be usedto re-run water balanceandiron, phosphorusandmanganesenass
balancesRelationshipsvill be createdusingthe newwater levelandannualpredicted
variancesWewill seta newwater levelfluctuation, alignedwith historicallakeelevations.

TasklE.Measurementsof PMSWAspringflush of iron, phosphorus,manganeseand
dischargeof water.

UsingexistingWDNRdatasondesand WDNRchemistrylaboratoryanalysesye proposeto
extendexistingWWDNRchemistryand water dischargesamplingrom PMSWAuntil fall 2017
freezeup, andagainto redeploythe monitoringequipmentprior to the first flushof spring
snowmelt. Tocapturethis first flush,equipmentwill be reinstalledin mid to late February2018.
Thenew datafrom monitoringwill be addedto the existingdatabasesisedin developmentand
calibrationof STELLAheeffectwill beto extendthe samplingperiod of the datausedto
calibrateSTELLAndthus capturemore of the inherentvariability.

Task2. Introducingwetland biofilters in backfilledditch systemsin PMSWA.

Thissolutionis proposedto disconnecthe surfaceto-groundwaterinteractioncreatedby the deep
ditches.It alsois proposedto further cleanup remainingexcessron, manganeseand phosphorusprior
to the releaseof surfacewater to DPL.Thefollowingtasksare proposedto createconceptualplansfor
thesebiofilters.

Task2A. Measurementof ditch volumesto determine backill material volumes.

Thegoalof thistaskisto determinethe potential opportunity to partially backfillditchesthat
representsourcesof iron, manganeseand phosphorusThemainditch (Little Trout LakeDitch)
and SteppingStoneDitchalongthe railroadtrackswill be surveyed Surveyof representative
crosssectionswill createbathymetricand abovewater crosssections Followingsurveys,
computationsto backfillselectedditcheswill determinepotential typesof materialandvolumes
aswell ascoststo deliver andinstallbackfillmaterials.Theactualnature of the materialto be
usedin the backfillwill be determinedin Task?B.
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Task2B. Applicationof existingSTELLAodelingto determine water quality benefits with
variouswetland biofilter conceptual sizingand locations.

Wetlandbiofilter conceptualdesignswill be appliedto existinguplandareaswherethe
potential for lined wetland cellswill be explored.Restoratian in backfilledditcheswill
revegetatenewly createdwetlandbiofilters with densenative vegetationthat will actto filter
surfacerunoff. Selectedocationswill be testedfor sizing,costs,andwater cleansing
effectivenessConceptswill be integratedwith the overall STELLAater balanceandwater
quality modeling.We will summarizethe water quality improvementsundervarioussizingand
locationoptions.

Task2C.Wetland biofilter optimization.

Usinglime, gypsum or other precipitantinducers the wetlandbiofilters evaluatedunder Task
2Bwill be optimizedfor water quality improvements We will exploreconceptualalkaline
wetlandtreatment designausinglime treatments. Thisis likely to be passivdime treatment
usingsomepercentageof limestoneandbentonite materialsasa part of the backfilledditches.

Task3. Creatinga surfacewater diversionin the vicinity of SteppingStoneReservoito t S (| &k

Thissolutionwould reducethe poolover PowellMarshthat is creatinga headoverthe groundwater
near SteppingStonePool.Thiswould facilitate the releaseof cleansufacewatersto the lakewithout
interactionwith iron- rich groundwater.

Task3A. Groundwaterconcentrationsand flow direction usingpiezometers.
Duringfrozenconditionsof winter, an AT\VVmounted Giddinghydraulicsoil samplingunit will
extract15-20foot long 2-inchdiametercore sampleghroughthe peat substratesof Powell
Marsh.Multiple soil core sampleswill be collectedfrom locationsstartingby the outlet
structureto the vicinityoft S (i @del&Samplesn clearplastictubeswill be bar-codelabeled
anddeliveredto asoilslaboratoryfor peathydraulicsanalysisTwo-inchdiameter ABSvater
samplingwellswill be installedinto up to 5 holesthat were usedfor core sampling.Thecore
sampleswill be analyzedor water levelsand water chemigry (phosphorusijron, manganese,
etc) andwill be sampledoncea month duringwinter 2018throughearlysummer2018.This
subtaskis focusedon understandingn greaterdetail the groundwatermovementtoward the
southeastshorelineof DeadPikeLake.

Task3B. Evaluationand conceptualdesignof SteppingStonePoolwater quality for diversion
source

WDNRG-Flowmodelingof the groundwaterconcentrationareassuggestshe southeasterrand
north shorelinesof the pool havesomeof the heaviestgroundwaterdischargegnteringDead
PikeLake.Task3Bisfocusedon collectingdataon the hydraulicsandwater budgetfor a
potentialt S { Ge@@vater diversion.Methodswill includeuseof a fluorescentdye placedinto
the piezometerwater wellsto determinethe groundwatermovement.Thisdye study,usedto
calibrateWDNRG-flow modeling,will help determinethe efficacyof divertingsurfacepooled
watersfrom the SteppingStonePoolthrough a pipe that couldbe installedto dischargepool
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watersdirectlyintot S (i Gde&Sucha conceptwould bypassnteractionwith groundwater,
thusreducingpotential for accumulationandtransportof iron, phosphorusandmanganese
from PMSWAo DPL.
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Tablel (AandB). Alternative or additive solutionsdiscussediuring June2017,working team meeting.

Priority solutionssuggestedy STELL#&odeling, (Focusof planninggrantto gathersupportingdata.)
Solutionsdroppedfrom further considerationat this time .

Solutionsthat needfurther evaluationhighlightedwith yellow.

A.POTENTIABOLUTIONBOWELMARSHPMSWA) Twomajor componentconsiderations:1) remedial,2) preventative

OPTION DESCRIPTION DATANEEDS O/M REGULATOR COSRANK NOTES
RANK RANK L,M,H*
L,M,H* L,M,H*

| Maint@inOandM e e

Removaeditching
RemoveWCSs
RemoveRRgrades

Spillwayat DPLinlet
Newchannelto LostCreek
Inlet or someother

mechanism

Treatmentwetland
Exceptw/ ditch
enhancemengndsealing
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4. PandN Little Trout Betterunderstandaccess | H- Need M M- Pumpis needed We now lump treatment of water
TreatmentWetland (included from east for pump L- if gravityfed from Little Troutlakeditch with
in Solution#2) Betterunderstand L-Grantee Solution#2 below.
cranberryfarm operations | H,
andinterestsin cranberry
collaboration L-DNR
Nitrogen
Phosphoroug Addto Vista
PondTreatmentWetland
SOLUTIOK2. Backfillditches Similarto #1 L L-M H
andcreatewetlandbiofilters
8,000ft of ditch/5,450ft of Backfillingsalready | Assume3.7 cy/foot -length
dike approvedper the (201t wide by 5 foot depth)
PMSWAmaster x 8000If =30,000cy
plan.Federal @20/delivered/placedock/
permitslikely soil=$600,000.0CPlusfilter
necessaryBut, fabric8000If x 25 ft width
becausestate has X.20/sf=$40,000.
alreadyapproved Estimatedwith engineering
andthe goalis andpermitting
restorationbased, TOTAICOST:
thesepermits $700,00000
shouldnot be
challengingo
obtain.
Selectedsequential
abandonment
Selectedsequential Ditchmodificationdifferent than
lining/biofilter of other #1
ditches
SOLUTION.t S (i Gl L L L-M L-M
PipedDiversion
With control structureat DPQO-emeasurementof Designgngineering, t S (1 Ge@khot amappedstream

maininlet

a/ tviateNINEB | & ¢
Flow(channel)andstorage
H20Volume

permitting estimatedat
$30,000.00+c & nhieavy
wall ABSpipeinstalledon
wetlandsurface& pushed
into surfacesubstratesoy
drivingoverit with track
vehicle.3000If @ $10/ft-

$30,000for pipe. Total
costof $60,000.00

Method to supplementwater to
the lake

*L=Low,M=Medium, H=High
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B.POTENTIAROLUTIONBEADPIKB-AKE

OPTION DATANEEDS | O/M Rank | Regulatory | CostRank Notes
LM, H Rank L,M,H*
L,M,H*
Lime(Lake) H2G CalciumMn, L-M L At this time liming of DPLwill be consideredurther after amore completeunderstanding
Introduceasfar DissolvedDrganics of the ben€fits of SOLUTIONSE 2 and 3 are availableand only if a singlelime treatment of
awayfrom outlet | Lakevolume DPLonceit has acontrolledoutlet, canbe documentedto actuallyresultin a cleaning
aspossible, Datasondeinfor eposodethat might be importantto changethe trajectory of the water qualityin the lake.
temporaryoutlet | Olddata:Lakeprofile Currently, the thinkingisthat isif solutions1, and 2, and perhapswith the inclusionof
control Sedimentatiorrates Solution#3 are aseffectiveassuggestedy STELLAodeling,then normallakeflushing
plusthe benefitsof Solutionsl,2,and 3, mayprovidethe benefitsto rapidlychangethe
trajectory of the lakewater quality.
SOLUTIOM. Floodway Ht stateand Ht Design, Canbe restoredwith formaldam, or by raisingbottom elevationof outlet streamwith
Establish federalpermits engineering, cobblesor by reducingthe width of the outlet streamwith cobbles.
(maintain)higher | WetlandDelineation for NR104NR regulatory,
lakestage, Flood Easements 151,Section materials/build
constructoutlet 404/401clean estimatedat
structure FloodElevation+ water act; total costof
modeling Hydraulicand $200
flood no-rise $300,000.00
GFLOW®nodelw/ analysisand
H2OLevelchange documentation Total COST
that infrastrcture | $150kfor dam
uponthelakeor | (worsecase)
downstreamwill $50-150kfor
not be effected.
regulatory
]_'8'2‘_‘ S requirements
timeline

*L=LowM=Medium, H=High
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APPENDIX: DetailedAgendato Guide the PlanningMeeting.

AGENDA
TUESDAYunel3,2017
DAY1. MORNINGS8:30AM:AberdeenCabin

1. INTRODUCTIONS®GroupRound)15 minutes
Discussiorand Overviewof Projectand WorkshopGoals (AESo Lead,Groupinteraction)

1.  Overviewof History (Partl.) of Powell Marsh, Dead Pike Lake watershed(s) and watershed modifications.
a. Lakeresidents overview of existing, DPLconditions, includingl4 minutevidea (Galeto Lead)30
minutes

2. Overviewof Findingsfrom previous studies of PM, DPK.

Lake ManagementPlan (Danand Galeto Lead) 10 minutes

USGSeport (Dan to Lead 5 minutes

Trout Heavy Metal (Danto Lead) 10 minutes

Aquatic plant community (Danto Lead) 5 minutes

Water clarity (secchi) (Danto Lead)5 minutes

Water chemistries at Marshand DPL(Danto Lead)10 minutes

g. Garrisonds loading reports and paleology sediment chemistry (Danto Lead) (10 minutes)

~0oo0oT®

3. DOCreferencesandrecentdata (April 2017) (Danto Lead)10 minutes

4.  Sitetour of DPLand PMSWA (Dan,Gale,Johnto Lead 2-3 hours
a. Tour of Lake (Pete)(to seeinlet, outlet, tributary stream, lake margins, vegetation, etc)
b.  Tour of Watershed including SugarBush
c.  Tour of Marsh(Dan)(WM) (to see outlets, dikes, ditches, pools, etc.

DAY1. AFTERNOONZ2:00PM: AberdeenCabin

5. Introduction to BogEcologyand Hydrology (Jimand SteveA. to Lead 30minutes

6.  Overviewof SimilarProjectsresults where similar watershed/bog/lake modifications have been addressed.
(Jimand SteveA. to Lead)1 hour

7. Introduction to the useof STELL#o integrate history, existing condition, disparate and conflicting findings
from previous studies, and to establish a process of testing solution strategies and sensitivity analysisto
addressdifferences in findings from previous studies. Discusshow conflicting findings from previous
studies is to be addressedwith STELLAand how uncertainty is to be addressedwith STELLA. (Dougto
Lead)2 hours

8. FacilitatedWork Session-to brainstorm solutions (SteveD. and SteveAto Lead) 30 minutes

a. TeamWork Session(Break into Groups)
i. STELLAevelopment,refinement (Dougand Fuguito Lead)3 hours

ii. Landusechangeandhydrology,hydraulics,including watershed modifications; create a
graphic chronology and supporting bullet points that simply and graphically explains
changes in watershed, PMand DPL(JasonSteveA, SteveD, Gale,John,Pete,Kathryn,
Others) 1 hour

iii. Ecobgicalchanges-- create a graphic chronology and supporting bullet pints that simply
and graphically explains fundamental changesin watershed, PM, DPLecological system
changesfi (Ludwig,SteveA, Danto Lead)1 hour

iv. Clemistry dynamicsdefinition under historic and existing conditions in Powell marsh
(within intact peats, in disrupted peats, in ditches, in the inlet to DPL,and in water
column of DPL,and at outlet of DPL(Jim,Dan,etc.to Lead)1 hour

b.  FutureScenarios Preliminary brainstorming sessionto define potential future scenariosasa
solution matrix. This team®s goal is to create a graphics and bullet point summary that explains
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the changesnecessaryto convert watershed, PMand DPKfrom the existing conditions to each
potential future solution scenario. (SteveDto Lead 2 hours

DAY1. EVENINGAberdeenCabin
Summary Presentation,Discussion®n Day 1. Achievements. 1-2 hours

7:30PM- FrankB.KollerMemorial Library

2 UShG1, Manitowistl Waters, W154545 - (715) 543-2700
SteveA. Presentation-a b | (i SeNdBdi K | yt®iBdtude follow -up discussionwith Team and other participants.
TEAMDINNER; Locationto be determined

WEDNESDAVYunel4,2017
DAY2. MORNING 8:30AM: AberdeenCabin(AESand Work GroupMembers)

9.  Overviewof History (Partll.) of Powell Marsh, Dead Pike Lake watershed(s) and watershed modifications.
a. Department overview of proposed PMmanagement actions (Chucko Lead)15 minutes)
b. Department overview of partial restoration actions (Chucko Lead 15 minutes

10. Measuresof SucceséPreliminary definition of measurements of success,and evaluation of the prod and
conds of each solution strategy. (Danand Galewith SteveDto Lead) 1 hour

11. STELLASolutionDefinition of each future Scenario (Doug to Lead) 1 hour

12. Solution RankingdProjected benefits of each solution, and development of bullet point listing of
underlying assumptions, for use of each solution strategy, into short( 1-5 yrs) and long term (25 yrs+)
timelines (SteveDandJimLto Lead)1.5hours

TEAMLUNCHat AberdeenCabin
DAY2. AFTERNOOWAberdeenCabin

13. Costestimation for eachsolution strategydCost estimation template creation and preliminary estimation of
one or more solution strategies (SteveA, SteveD and Jasonto Lead) 4 hours

14. STELLAnodelingfirst runsof highest priority solutions or bracketing of a chosen subset of solution
strategies to begin to understand probability and cost of what successis believed to be achievable.
(Dougand Fuguito Lead) 4 hours

15. TeamWork sessiorm This sessionwill focus on taking one or more of the highest priority solution
strategies and working as a large group to build more details into the STELLAmodeling. The sameteams
are askedto ensure the areas of focus from day 1 is addressed. (TeamGroup)

Day2. EVENING AberdeenCabin
Summary Presentation,Discussion®n what wasachievedduring Day 2, and Next Steps. TeamDiscussion(Team
Group)1.5 Hours

TEAMDINNER Locationto be determined

THURSDAYuNnel5,2017
DAY3. MORNING8:30AM: AberdeenCabin(AESand Work Group)

TeamWork Sessiorg;, Refine, revise, rerun, graphically and expository document findings. 2 hours
Sharean updated presentationto WDNRrepresentative, (HOArepresentative)l hour

TEAMLUNCHat AberdeenCabin
ADJOURNMENANd Departfor Home
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APPENDIZX. Potential ManagementPrinciples,Recommendationsand Solutions to Address
Water Quality Goncerns.

SUBCATEGORE PRINCIPLES PMSWA DPL

H20Quality
ReduceP belowNR103evels X (Prevention) X (Remediation)
Reducd-e(Mn) Flocto SW X X
StabilizeexistingFefloc (remediation) X
Createdisconnectetweenurfaceand Ground X
Water

Hydrology
Maintain water levels X X
7Q10baseflow (25%0f low flow, damfailure X
analysis)

PropertyRights
Addressproperty owner/shorelinerights X X
Addressexistingagreements X
Addresd_DFTribalrights* X

Ecological
Supportdiversegame/nongamewildlife objective X X
Addresdisheriesobjectives** X
Addressspeciesand specief concerns X X
Maintain high quality native vegetatiori** X X
Useprojectaslearningto applyto other projects X
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APPENDIZR. Goalsand PerformanceStandardsfor PMSWAand DPL

PMSWAGoals

PerformanceMatrix

Standard

ProvideOpenWetland Habitat

Acresof openwetland habitat; Meet
masterplangoal

Acresof: sedgemeadow,wet prairie,
shallowemergent,shrubcar. Report
~5yrs

Invasiveplant
management/monitoring

Phlaris,Phragmites

Waterfowlandbird use

Monitor andsetimprovementgoals

ManagementPlanAnnualReport

Maintain/EnhanceUse

Visitorusesurveyby WDNRuser
surveyprogram

Promotionof passiveuse

Considelimprovedaccessvithout
impactingH2O0quality

Meet Dischargé/Nater Quality Standards

Dischargeates

Phosphorudevels

Nitrogenlevels(?)

Aesthetics/Faandflocculant

Monitor water quality

DPLGoals PerformanceMatrix Standard
Inflow LakeH20OQuality
Secchiliskreading >5m
Phosphorudevels <0.015
Flocculandepositionon shoreline <5mml/yr
Ironandmanganesdevels <1/ 0.1mgl/l

LakeWater Level

Staffgaugeand pressuretransducer
(calibrateannuallyto addressce
impacts)

Confirmordinary/setto historichigh

Avoidfloodingand maximizefor
water quality

Resetannual/permanenBM near
gauge

Testsettingordinaryhigh

HighQuality Fishery

Creelsurveysdocumentingimproved
fishery(life cycle):.walleye,SMB,
Muskie spawninghabitat

Fishsurveyevery5-yrscompareto
other healthylakes

Rainbowsmelt

Measure/monitormacroinvertebrates

Compareto other healthylakes

Maintain/Protect Shoreline

Conservatiorplanfor all private
shorelinescaddresdertilizer use

CPadoptionby DPLAssociation

Invasivespeciegnonitoring (annual)

EDDprocessn place

3-dayplant survey
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APPENDIX. Alternative or Additive Solutions Discussedduring Ste Visits.

Table 4-A. Potential Solutionsfor PMSWA

Two major component considerations: 1) remedial, 2) preventative

OPTION DESCRIPTION| DATA/ACTION| O/M REGULATOFE COST NOTES
NEEDS RANK Y RANK RANK
L,M,H* L,M,H* L,M,H*
5. Donothing:Maintain
all existinginfrastructure
Maintain OandM
6. Rewildingreturn to Map remnants, L H M Longterm
pre-disturbance glacialuplands, (>5yrs) solution
condition disturbances
Invasivespecies
property bounds,
LiDAR
Removeditching
Remove /| { Qa
RemoveRRgrades
7. WestculvertDiversion Revisewater H H H Losewater source
budget to lake
FloodwayAnalysis
Damregulatory
Spillwayat DPLinlet
Newchannelto Lost
Creekinlet or some
other mechanism
8. Modified MasterPlan WetlandandPlant | L M H Shortestterm to
Alternative speciesnventory alignw/ DNR
(T&E) approvedplan
Soilsamples
Toposurvey+
LiDAR
WestChanneH20
quality
Material volume
(cutfill/proximity)
Treatmentwetland
Exceptw/ ditch
enhancementand
sealing
9. PandN Little Trout Continueto create | High M M, if Plungepool
TreatmentWetland anopenexchange | Need pump needed
of ideaswith all for needed
stakeholders. pump L- if
Low ravit
Better understand Grantee fged y
accesdgrom east H
Betterunderstand | cranberr
cranberryfarm y/L-DNR
operationsand
interestsin
collaboration
Nitrogen
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Phosphoroug, Add

to VistaPond
TreatmentWetland
10. Abandon Similarto #1 Low High Mediu
Ditchingon OldAlt A m
8,000ft of
ditch/5,450ft of
dike
Selectedsequential
abandonment
Selectedsequential Ditchmod
lining/biofilter of differentthan#1
other ditches
11. t SiGeR L L H
PipedDiversion
W/ Control DPCFe t S (iG&eRknota
Structureat Main measurementof mappedstream
Inlet G/ fviatemNJ Method to
I NBI &¢ supplementwater
Flow(channelyand to the lake
storageH20
Volume

*L=Low,M=Medium, H=High
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Table 4-B. Potential Solutionsfor DPL

OPTION

DATANEEDS

O/M
RANK
L.M,H

REGULATORY
RANK
L,M,H

COSRANK
L,M,H

NOTES

Lime(Lake)ntroduceasfar awayfrom
outlet aspossible temporaryoutlet
control

H2G CalciumMn,
Dissolveddrganics
Lakevolume
Datasondeinfor
Olddata: Lakeprofile
Sedimentatiorrates

Low

Low-M

Establisimaintain)higherlakestage,
constructoutlet structure

Floodway
WetlandDelineation
Flood Easements
FloodElevation+
modeling
GFLOW®odelw/ H20
Levelchange

High

High
CostEstimates
perd Ay € K € 2

Allowbeaverso do build damsat the
outlet

Notreliableor
enforceable

*L=Low,M=Medium, H=High
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APPENDIX. SupportingFigures

Fgure5-1. Fieldnotesand discussions
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Hgure 5-2. Photolog and inspectionpoints
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FHgure 5-3. 1937Compositeaerial photo of PowellMarsh State Wildlife Areaand DeadPikeLake
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Fgure 5-4. Aerial photo of PowellMarshand DeadPikeLake
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Fgure 5-5. Aerial photo of PowellMarsh and DeadPikeLakec Little BearWatershed
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